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some faculae preceding the birth, of a spot. And more of the 
same class of evidence may be found even in the years of greater 
spot frequency, when the records of their spots and faculae have 
been more fully examined and the history of each group is more 
accurately written. 

Stony hurst Observatory , 

Lancashire. 


On the Determination of Azimuth by Elongations of Polaris. 

By Harold Jacoby, B.A, 

When Polaris has been observed within half an hour of 
elongation for the determination of azimuth, the “ reduction to 
elongation ” is frequently computed by the formulae: 

2 sin 2 i (t e — t) 

m — -?- v e - i 

sin 1" 

a e — a — a t . m . 6in 1 " 

where 


t e , a e , are the hour angle and azimuth of Polaris at elongation, 
t, a, „ „ „ „ the observation, 


a e and a being reckoned in seconds of arc, from the north point. 

But we can avoid the use of the somewhat extended table 
for m by tabulating a e — a itself. For if we put 

M = 6000 sin 1 n, m 


we shall have 


f = 


a e - 6000 
6000 


a e — a = M + /M 


Table I. gives M, with the argument t e — t ; and Table II. 
gives/ with the argument a e . It will be seen that M is really 
an approximate value of a ( , — a, and f a correction factor for M. 
This factor can be multiplied by M with Crelle’s Tables, so that 
logarithms will not be required. 

Table III. gives the values of a e and t e for all latitudes 
between 35 0 and 55 0 . It is intended to take the place of the 
logarithmic calculation of a e and or at least to serve as a 
check. The columns headed A and T are computed with the 
declination 88° 45' o", and furnish approximate values of a e and 
t e . The columns headed x and y give the variations, per second 
of S, of the azimuth and hour angle. We shall have, there¬ 
fore, 

= A + #(5 — 88° 45') 

4 = T+3/(8 —88° 45') 
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Dec. 1891. by Elongations of Polaris. 107 

where 8—88° 45' is to be expressed in seconds of arc. These 
formulae will give a e and t e with all necessary accuracy for many 
years. 

The following observations, made by one of the students of 
the Summer School in Geodesy of Columbia College, will serve 
to illustrate the use of the tables. The data employed are— 


Station: New London, New Hampshire, No. 3. 

Date : 1891 July 13. 

Longitude: 71 0 59' West. 

, Latitude : 43 0 24'o. 

Polaris a = i h i8 m 49 s, 6. 8 = 88° 43' 23 //, i. 

We have then 

5 — 88° 45'= —96"'9, 

und, from Table III., 

for </> = 43° 24^0 

o / // h m s s 

A=i 43 I 3 ' 89 , *=-i"-3766, T= 5 55 16-3, +*0631 

—88°45') =+213 39, #(5 — 88° 45') = - 6-i 

a € = 1 45 27-28, t e = 5 55 10=2 

a = I 18 49 6 

Sidereal Time of Elongation ... ... ... = 19 23 39-4 


The values here obtained for a e and t e are the same as would 
be given by a logarithmic calculation. The observations of 
Polaris were (eastern elongation) : 


:no. 

Pos. 

Sidereal 

Time. 

Corrected 

Readings. 

h 

—t 

M 

Table I. 

/M 

Table IL 

ae—a 

Reduced 

Readings. 


D 

h 

m 

s 

0 / // 

m 

s 

A 

n 

// 

0 

// 

i 

18 

56 

i *3 

39 37 22-1 

27 

38-1 

43*57 

2-40 

45*97 

39 38 

81 

2 


18 

59 

18-8 

27*5 

24 

20-6 

33*83 

i-86 

35*69 

38 

3*2 

3 


19 

9 

n *4 

410 

H 

28-0 

u *95 

o-66 

1261 

37 

53*6 

4 


19 

11 

20-8 

56-0 

12 

18-6 

8-67 

048 

9*15 

38 

5*2 

5 

R 

19 

20 

26-3 

219 37 43*9 

3 

131 

o *59 

0-03 

062 

219 37 

44*5 

6 


19 

23 

117 

38-5 

O 

27*7 

001 

000 

001 


38-5 

7 


19 

27 

24-4 

321 

3 

45 *o 

081 

0*04 

0-85 


33 *o 

8 


19 

29 

17*7 

292 

5 

383 

i-8i 

010 

i* 9 i 


31*1 

9 


19 

33 

49*5 

337 

10 

io-i 

5*90 

032 

6-22 


39*9 

IO 


i 9 

37 

4 ° 

186 

13 

24-6 

10-28 

o *57 

IO85 


29-4 

ii 


19 

41 

o-6 

16*8 

17 

21*2 

1719 

o *95 

1814 


34*9 

12 


*9 

45 

0-3 

7 ! 3 

21 

209 

2602 

i *43 

27*45 


34*8 


The above observations are discordant, but they show how 
the tables are used. , 
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' - Table I. 



o* 

10 s 

20 s 

M. 

30 s 


4 °* 

So 3 

Difference 
for 10 s 

m 

O 

n 

o;oo 

// 

O'OO 

1 • ' u 

OOI 

U 

O-OI 


// 

0-03 

// 

OO4 

// 

0*01 

I 

006 

0-08 

; O-IO 

0-13 


0-16 

0-19 

003 

2 

0-23 

0-27 

0-3I 

0-36 


0-41 

0*46 

005 

3 

0-51 

o -57 

C64 

0-70 


0-77 

084 

007 

4 

0-91 

0-99 

I 07 

116 


1-24 

1*34 

009 

5 

1 '43 

1-52 

I 62 

1-73 


i *3 

i -94 

O-IO 

6 

206 

217 

2-29 

2-41 


2*54 

267 

0-12 

7 

2*8o 

293 

3-07 

3 " 2 i 


336 

350 

0-14 

8 

3'66 

3 *i 

397 

4 -i 3 


4-29 

4-46 

Ol6 

9 

4-63 

4-80 

4-98 

5-15 


5-34 

5-52 

OI& 

IO 

571 

5-90 

610 

630 


6-50 

6-70 

0-20 

ii 

6*91 

7-12 

7-34 

7-55 


7.77 

8-oo 

0-22 

12 

8-22 r 

00 

4 V 

8-69 

8-92 


9-16 

941 

0-24 

13 

9-65 

9 * 9 ° 

10*15 

10-41 


1067 

10-92 

0-26 

14 

II*I9 

: 1 1'47 

1173 

1200 


12-28 

12-57 

0-28 

15 

12*85 ( 

.13-14 

I 3-43 

1372 


14-02 

14-32 

0-29 

16 

14-62 : 

14-92 

1523 

i 5'54 


15-86 

16-18 

0*31 ' 

17 

1650 

16-83 

17-16 

i 7'49 


17-82 

18-16 

o *33 

iS 

18-50 

18-85 

19-19 

i 9’54 


19-89 

20-25 

°‘35 

19 

20*61 

2097 

21-34 

2171 


22-08 

22-46 

0-37 

20 

22-83 

23-21 

23-60 

23-99 


24-39 

24*78 

°’39 

21 

2518 , 

25'58 

25-98 

26-39 


26-80 

27-21 

041 

22 

27-64 

28-05 

28*47 

28-90 


29-33 

2976 

o -43 

23 

30-19 

3063 

31-08 

31-52 


3 1 97 

32-42 

0-45 

24 

32-88 

33'34 

33 ' 8 ° 

34-26 


34*73 

35*20 

0-46 

25 

35-67 

3615 

36-63 

37-11 


37*59 

38-08 

0-48 

26 

38-58 

3908 

39-58 

4008 


40-58 

41-09 

0-50 

27 

41-60 

.42*11 

42-63 

43-15 


43-67 

41-20 

0-52 

28 

4473 

45 2 7 

45 - 8 i 

46-34 


46-88 

47-42 

o ‘54 

29 

4797 

4 8 '53 

49*09 

49*65 


50-21 

50-77 

0-56 




Table II. 






he 

Az. at Elopg. 

; Corr 

/. 1 

■„ Factor. 

/. 

ae 

Az. at Elong. 

-/ 

Corr. Factor. 


0 / 

f 20 : 

- 

0 - 2 Q 0 


0 

2 

/ 

0 

+ 0*200 



I 30 

- 

o-ioo 


2 

10 

+ 0*300 



I 4O 


0*000 


2 

20 

+ <O-4O0 



I 50 

+ 0-100 
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Table III. 


<#> 

Latitude; 

A 

Azimuth at Elonga¬ 
tion. 

X 

Var. of Azimuth 
for 1" of 8 . 

T. 

Hour Angie at 
Elongation. 

y , 

Yar. of Hour 
Angle for t H 
of 8 . 



a 

h m 8 

3 

6 _l/ 

85 o 

1 313370 

— 1*2210 

5 56 29 9 

+ *0467 

11*24 

’ 24 

i *3 

3 

10 

I 31 44*94 

-1*2234 

5 56 28*6 

+ *0470 


n '33 

26 

i *3 

3 

20 

I 31 56*27 ' 

— I*226o 

5 56 27*3 

+ •0473 


ii *43 

25 

**3 

3 

30 

I 32 7*70 

- I*2285 

5 5 6 26 * 0 

+ *0476 

11*52 

26 

I *3 

3 

40 

I 32 19*22 

-r23II 

5 56 24*7 

+ *0479 

11*61 

25 

r 4 

3 

50 

I 32 30*83 

-1*2336 

5 56 23*3 

+ *0482 

11*71 

26 

I *3 

3 

36 0 

I 32 42*54 

— 1*2362 

5 56 22*0 

+ *0485 

xi*8i 

27 

*‘3 

3 

10 

1 32 54'35 

-1-2389 

5 5 ^ 20 ‘7 

+ *0488 


H’90 

26 

r 4 

3 

20 

J 33 6-25 

-I*2415 

5 56 19*3 

+ *0491 


12*01 

27 

1*4 

3 

30 

i 33 18*26 

— 1*2442 

5 56 17*9 

+ *0494 


12*10 

27 

1*3 

3 

40 

i 33 3 °j 6 

— 1*2469 

5 5 ^ 

+ *0497 


12*20 

27 

i *3 

3 

’ 50 

i 33 42*56 

— I2496 

5 56 15 3 

+ *0500 


12*31 

27 

i-+ 

3 

37 0 

133 54-87 

-I *2523 

5 56 13 9 

+ *0503 


12*40 

28 

i *4 

3 

to 

1 34 7*27 - 

-1*2551 

5 56 12-5 

+ *0506 


12*51 

28 

1*4 

3 

26 

1341978 

- 1*2579 

5 56 h i 

+ *0509 


12*61 

28 

1-4 

3 

. 30 

1 34 3 2 *39 

— 1*2607 

5 56 ' 97 

+ 0512 


12*73 

28 

i '4 

3 

40 

i .34 45 12 

-1*2635 

5 56 8 3 

+ 0515 

I2*8i 

28 

1'3 

3 

; 5 o 

I 35 57*93 

— 1*2663 

5 5 6 7 ° 

+ 0518 


T2 ’93 

29 

i *4 

3 

38 

i 35 io*86 : 

— 1*2692 

5 56 5-6 

+ *0521 

* 3’°4 

29 

i '5 

3 

to 

I 35 23*90 

— I* 272 I 

5 56 41 

+ *0524 


I 3* I 4 

29 

1'4 

3 

26 

i 35 37*04 

— I-2750 

5 56 27 

+ •0527 


I 3’ 2 5 

30 

i *4 

4 

.. 

i 35 50*29 

- 1*2780 

5 56 13 

+ •0531 


i 3'37 

29 

i *4 

3 

: 4 ° 

i 36 3*66 

— I*2809 

5 55 59*9 

+ *0534 


I3 ' 47 

3 i 

i *4 

3 

. 50 

1 36 17*13 

— 1*2840 

5 55 58*5 

+ *0537 


13*59 

30 

i *5 

3 


Azimuth at Elongation = A + — 88° 450 * Hour Angle at Elongation 

= T+£/(8 —88 p 45'). (5 — 88° 45') to he expressed inseconds of arc. 
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L1I. 2, 

Latitude. 

A 

Azimuth at Elonga¬ 
tion. 

X 

Yar. of Azimuth 
for 1" of 8. 

T 

Hour Angle at 
Elongation. 

V 

Var. of Hour 
Angle for 1" 
of 8. 

O / 

0 / a 

I 36 3072 

// 

h m s 

s 

39 0 

- 12870 

5 55 57*o 

+ 0540 


1370 

30 

1-5 

4 

10 

I 36 44-42 

—1-2900 

5 55 55-5 

+ *0544 


13-82 

31 

1-4 

3 

20 

I 36 58 24 

-I- 293 I 

5 55 54 -i 

+ - 05*47 


13-92 

3 1 

i ‘4 

3 

30 

I 37 1216 

- I 2962 

5 55 527 

+ •0550 


I 4‘°5 

3 i 

15 

3 

40 

i 37 26 21 

-1-2993 

5 55 512 

+ •0553 


14-17 

32 

1-5 

3 

5 o 

1 37 40-38 

-13025 

5 55 49-7 

+ 0556 


14-28 

32 

1-5 

4 

0 

8. 

1 37 54'66 

-i '3057 

5 55 48 2 

+ 0560 


14-40 

32 

1'5 

3 

10 

I 38 906 

-1 3089 

5 55 467 

+ 0663 


14*53 

32 

1’5 

3 

20 

I 38 2359 

-1-3121 

5 55 45-2 

+ -0566 


I 4'65 

32 

i -5 

4 

30 

I 38 3824 

- i' 3 i 53 

5 55 437 

+ •0570 


14-76 

33 

i *5 

3 

40 

I 38 5300 

-13186 

5 55 42-2 

+ -0573 


14-90 

33 

1-5 

3 

50 

I 39 79O 

— 1-3219 

5 55 40 7 

+ *0576 


I5-02 

34 

i*6 

4 

41 O 

i 39 22-92 

-13253 

5 55 39 -i 

+ *0580 


15-14 

33 

■ 1-5 

3 

IO 

1 39 38 06 

- 1-3286 

5 55 37'6 

+ 0583 


15-28 

34 

1*5 

4 

20 

1 39 53 34 

-1-3320 

5 55 361 

+•0587 


15-4° 

34 

i*6 

3 

30 

1 40 8-74 

- 1*3354 

5 55 34*5 

+ *0590 


15-53 

35 

i’6 

4 

40 

1 40 24-27 

- 1-3389 

5 55 32-9 

+ *0594 


15-67 

35 

1-5 

3 

5 ° 

1 40 39-94 

-13424 

5 55 3 i *4 

+ -0597 


15-80 

35 

1-6 

4 

42 0 

1 40 5574 

-i *3459 

5 55 29*8 

+ •0601 


15-93 

36 

i -6 

3 

10 

1 41 1167 

-i *3495 

5 55 28'2 

+ •0604 


16*07 

35 

1 '5 

4 

20 

1 41 27-74 

- 1-3530 

5 55 267 

+ *06o8 


i6‘20 

36 

x'6 

3 

30 

I 41 43*94 

-1-3566 

5 55 25-1 

+ -o6n 


16-35 

37 

1-7 

4 

40 

1 42 0-29 

-1-3603 

5 55 23 4 

+ •0615 


16-48 

36 

i"6 

3 

50 

1 42 1677 

-13639 

5 55 21-8 

+ -0618 


16-63 

37 

i*6 

4 


Azimuth at Elongation = A + - 88° 45'). Hour Angle at Elongation 

= T + y(S — 88° 45'). (5 — 88° 45') to be expressed in seconds of arc. 
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by Elongations of Polaris. 


in 


4 > . 
Latitude. 

A 

Azimuth at Elonga¬ 
tion. 

X 

Yar. of Azimuth 
for 1" of S. 

T 

Hour Angle at 
Elongation. 

y 

Yar. of Hour 
Angle for 1" 
of S. 



f( 

h m 8 

s 

0 / 

43 q 

0 / H 

i 42 3 3 ’ 4 ° 

-1-3676 

5 55 20-2 

+ *0622 

1677 

37 

17 

4 

10 

1 42 5 °*i 7 

-I- 37 I 3 

5 55 18-5 

+ *0626 


16*91 

38 

i*6 

3 

20 

I 43 7‘08 

- 1*3751 

5 5516 9 

+ *0629 

17*06 

38 

1*6 

4 

30 

I 43 24*14 

-i *3789 

5 55 i 5'3 

+•0633 

17-20 

38 

I *7 

4 

40 

I 43 41*34 

-1-3827 

5 55 13*6 

+ 0637 


39 

17 

3 

50 

143 5870 

-1-3866 ^ 

5 55 ii *9 

+ *0640 

17*50 

39 

1*7 

4 

44 q 

1 44 16*20 

-1 3905 

5 55 102 

+ *0644 

* 17*65 

39 

17 

4 

10 

I 44 33' 8 5 

-i *3944 

5 55 8*5 

+ *0648 


17*81 

40 

17 

4 

20 

I 44 51-66 

-1*3984 

5 55 6-8 

+ *0652 


17-97 

40 

1*7 

4 

30 

1 45 9’ 6 3 

— 1 -4024 . 

5 55 , 5 *i 

+ *0656 

l8-I2 

40 

1*7 

4 

40 

1 45 2 775 

— 1 *4064 

5 55 3*4 

+ *0660 

18*28 

4* 

i *7 

3 

50 

1 45 46-03 

18-44 

-1*4105 

41 

5 55 i *7 

i-8 

+ -0663 

4 

45 ■« 

1 46. 4*47 

— 1-4146 

5 54 59*9 

+ -0667 

i8"6o 

4 * 

1*7 

■ 4 

10: 

I 46 23-07 

-1*4187 . 

‘ 5 54 58*2 .. 

+ *0671 


42 

i*8 

4 

20 

I 46 41*83 

— 1-4229 „ 

5 54 56 4 

+ •0675 


'18-93 

42 

1*7 

4 

30. 

1 47 0 76 

19-10 

-1*427.1 

42 

5 54 54 7 . 

r-8 

+ •0679 
4 

40 

1 47 1986 

19-26 

-1*4313 

43 

5 54 52*9 

i-8 

+ *0683 
4 

50 

1 47 39-12 

19-44 

- 1 * 4356 - 

43 

5 54 5 i*i 

r8 

+ -0687 
4 

46 . 0 

1 47 58 * 5 6 ; 

19*60 

-i *4399 

44 

5-54 49*3 
i* 3 ' 

+ *0691 

4 

10 

1 48 1816: 

-1 4443 

5 54 47*5 * 

+ *0695 


'1979 

44 

'1-9 ' 

4 

20- 

1 48 37 95 

19*95 

-i *4487 

44 

5 54 45 * 6 

r’8 

+ *9699 
4 

- 30 .- 

1 48 57*90 

20'14 

-1*4531 

45 

5 54 43 8 , 

• - r 9 

+ *P 7°3 
4 

-AO: 

1 49 1804 

-1*4576 

5 54 4 i =9 

--.0 - 

+/0707 

' A 

: " "20*32 

45 

t* O 

4 

50 

1 49 38-36 

20*50 

-1*4621 

46 

5 54 40-1 

i ’9 

+.-07II 

" - 4 

Azimuth at .Elongation = A + *(8 - 88° 45 '). - Hour Angle at Elou^tion 

_ M- 88° 45'). , . (5 — 88° 45') to be expressed,m seconds 61 arc. 
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LII. 2, 

d> 

Latitude. 

.A . 

Azimuth at Elonga¬ 
tion. 

X 

Var. of Azimuth: 
for 1" of 8. 

T 

Hour Angle at 
Elongation. 

_ y 

Var. of Hour 

Angle for 1" 
of S. 

0 t 

I 49 58-86 

// 

h 

m s 

s 

47 0 

—1*4667 

5 

54 38-2 

+ •0715 


2o’68 

46 


-9 

5 

10 

1 5 ° 1 954 

- 1*4713 

5 

54 36*3 

+ *0720 


20-87 

46 


X-Q 

4 

20 

1 '50 40-41 

— r '4759 

5 

54 34*4 

+ *0724 


2X*o6 

47 


i *9 

4 

30 

j 5 1 1*47 

—1-4806 

5 

54 32*5 

+ -0728 


21-25 

48 


^*9 

4 

40 

1 51 2272 

-1-4854 

5 

54 30*6 

+ -0732 


2145 

47 


!'9 

4 

50 

1 5 i 4417 

—1*4901 

5 

54 28-7 

+ *0736 


21-63 

48 


2*0 

5 

0 

' 00 

-r 

1 52 5-80 

-1-4949 

5 

54 26-7 

+ *0741 


21-84 

49 


x *9 

4 

10 

1 52 27-64 

-1-4998 

5 

54 24*8 

+ *0745 


22-03 

49 


' 2'0 

5 

20 

152 4967 

- 1*5047 

5 

54 22-8 

+ *0750 


22-24 

49 


2*0 

4 

30 

1 53 11-91 

-1*5096 

5 

54 20-8 

+ *0754 


22-44 

50 


2*0 

4 

40 

3 53 34*35 

-I* 5 I 46 

5 

54 i8*8 

+ •0758 


22-65 

51 


2*0 

5 

50 

3 53 57*00 

-1-5197 

5 

54 i6‘8 

+ *0763 


22"86 

51 


2*0 

4 

49 0 

i 54 19 86 

-1-5248 

5 

54 14-8 

+ *0767 


23-07 

5 i 


2*1 

5 

10 

1 54 42*93 

-1*5299 

5 

54 127 

+ •0772 


23-28 

52 


2"0 

4 

20 

I 55 6-21 

- 1*5351 

5 

54 io *7 

+^*0776 


23*51 

52 


2*1 

5 

30 

I. 55 29*72 

- 1*5403 

5 

54 8-6 

+ *0781 


23-71 

53 


2*1 

5 

40 

1 55 53*43 

- 1-5456 

5 

54 6-5 

+ -0786 


2 3'95 

53 


2*0 

■4 

50 

1,56 17-38 

- 1*5509 

5 

54 4*5 

+ *0790 


24-17 

54 


2*1 

5 

O 

O 

1 56 4 i‘ 55 - 

-•1*5563 

5 

54 2-4 

-H*o ?95 


24*39 

54 


2*1 

5 

10 

1 57 5*94 

-1-5617 

5 

54 0-3 

+ •0800 


24-63 

55 


2*2 

4 

20 

1. 57 30*57 

-1-5672 

5 

53 581 

+ *0804 


24-86 

55 


2*2 

5 

30 

i, 57 55 * 43 ’ 

-1-5727 

5 

53 55‘9 

+ •0809 


25-09 

56 


2*1 

5 

40 

1 58 20-52 

-1-5783 

5 

53 53-8 

+ *0814 


25-34 

56 


2*2 

5 

. 5 ° 

i 58 45*86- 


5 

53 5 i -6 

+ •0819 


25*58 

57 

< 

2’2 

5 


Azimuth at Elongation = A + x(S -88° 45'). Hour Angle at Elongation 

= T+j?( 5 - 88 ° 45'). "(^-SS 0 45 f ) to be expressed in seconds of arc. 
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Dec. 1891 

by Elongations of Polaris.'.' 

**3 

^Latitude. 

A 

Azimuth at Elonga¬ 
tion. 

x 

Var. of Azimuth. 
for 1" of S . 

1 :v ’ ,t 

Hour Angle at 
Elongation. 

■ y 

Var. of Hour 
Angle for 1" 
of 8 . 

O / 

0 / // 

H _ _ 

h m s 

s 

51 q ; 

i 59 ii 44 ■ 

— I*5896 

55349-4 

1 + *0824 


25*83 

57 

f ,, 2*21 

5 

• 10 

t 59 37*27 

— 1*5953 

5 53 . 47 - 2 . 

+ *0829 


26*06 

58 

2*2 

5 

20 

2 0 3*33 

- i*6oii 

5 53 i 5 '° ! 

+ *0834 


26*32 

59 

. * ■ 2*3 

'5 

30 . 

2 0 29*65 

—1*6070 

5 53 427 

+ *0839 


26*58 

59 . 

! . ■ 2*2 , ; 

5 

40 

2 0 56*23 

— 1*6129 

5 53 40*5 

+ *0844 


26*83 

6° 

2*3 

5 

59 . 

2 1 23*06 

— 1*6189 

55338-2 

+ *0849 


27*10' 

60 ; • 

■ ‘ 1 2'3 ■ 

5 

52 P 

2 1 50*16 

— 1*6249 

5 53 35 9 

+ 0854 


27*36 

61 

, 2-3 

5 

10 

2 2 17*52 

-r63IO 

5 53 33*6 ' 

*+ *0859 


27*63 

62 

2*3 ! 

’ ' ' - 5 

20 

2 2 45*15 

-16372 

- 5 53 31*3 

, , +’0864 

j 

27*90 , 

62 

2-4 

6 

30 

2 3 I 3‘°5 

-1-6434 

5 53 ‘28*9 

+ *0870 


28*18 

63 

2‘4 

5 

40 

2 3 41*23 

-1-6497 

S 53 26-5 

+ •0875 


28*46 

63 

2:4 '. 

S 

50 

2 4 9*69 

-1*6560 

5 53 24*1 

+ *0880 


28*74 

64 

2*4 

6 

53 0 

2 4 38-43 

— 1*6624 

5 53 2 i *7 

+ •0886 


29*02 

64 . 

- ; , 2*4 

5 

10 

2 5 7-45 

-1*6688 

5 53 19*3 

+ *0891 


29-32 

65 

2'4 • 

5 

20 

2 5 3677 

-1-6753 

5 53 16*9 

+ *0896 


; 29*69 

66 

?'4 

6 

. 30 > 

2 6 6*37 

— I*68l9 

5 53 H -5 

+ *0902 


29*91 

6 7 


' 5 

40 

2 6 36*28 

-i*6886 

5 53 12 0 

+ *0907 


30*21 

67 

2-5 

6 

50 ' 

2 , 7 6*49 * 

-1-6953 . 

5 53 9:5 . 

+ •0913 


30*52 

68 

- 2 ”6 

5 

54 0 

\ ' , 

2 7 37 01 

— I*7021 

5 53 6-9 : 

+ •0918 

30*82 

69 

• 2*5 

6 

10 , 

2 8 7*83 

— 1*7090 

5 53 4*4 

+ •0924 


31*15 

69 

2 * 5 - 


20 

2 8 38*98 

-I 7 I 59 

5 53 i *9 

+ *0930 


■ 31*46 

70 

2*6 

5 

3 ° 

.2 9 10*44 

— 1*7229 

5-52 59*3 , 

i+P 935 


“ 31*78 

70- 

- 2*6 

6 

.40 ' 

’ 2 9 42 22 

-17299 - 

5 52 567 ; 

+ ’0941 


32*11 

72 

2*6 

6 

50 

2 10 14*33 

- 1*7371 

5 52 54*1 

+ *0947 


32*45 

74 

2*7 

.6 

55 0 : 

2 10 46*78 

-*7443 

5 52 $I : 4 

+ •0953 


Azimuth at-Elongation = A + ar($ - 88*45').' Hour Angle at Elongation 

= T +y(8w8-8° 45')- (5 — 88°' 45 , )' to /k.S‘ expressed in seconds of arc. 

Columbia College, New York , 

1891 September 30. 
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114 Mr. Jacoby , On the Reduction ui. 2 r 

On the Reduction of Transit Observations by the Method of Least 
Squares. By Harold Jacoby, B.A. 

When it is desired to adjust a series of observations by the 
method of least squares, the process usually employed is not 
always the most advantageous one available—in fact, the usual 
method is really an ingenious way of finding the adjusted valnes 
of the unknowns from the coefficients and absolute terms of the 
original observation equations. Occasionally, however, these 
coefficients are themselves all functions of some single quantity. 
In such a case there must exist a functional relation between the 
adjusted values of the unknowns and the single quantity in 
question ; and this relation may possibly be evaluated without 
computing the actual coefficients of the observation equations . The 
above applies to the transit instrument in the meridian, for the 
coefficients of the observation equations, as well as the weight- 
factor, are then all functions of the declination. The latitude 
affects them as a constant only. 

Before going into the details of the application of the above 
remarks to actual work, it is desirable to call attention to a 
theorem in the method of least squares which is very often of 
considerable use. Let there be given two groups of linear 
observation equations of the form : 

ap + \y + c y z + d x — o, a l f x J t-b/y + c l 'z + d l ' = o, 

a.p + b t y + cp + d. z = o, a'.p + bjy + c.[z + d% = o, 


in which it will be seen that the equations of the first group lack 
the term in and those of the second group lack the term in 
w. Now let normal equations be formed from each group as 
follows : 


[aa]w + [ pd)]y + [ ac]z + [ad] = o, 
[bb]y+[bc]z + [bd} = o, 
[cc]z+[cd\ = o, 

m 


[a’a'jx + [a'b f ]y + [a’c']z + \a!d’] = o. 

[b'b^y + lb'c^z+lb'd']^ o. 
[c'c']z + [c'd r ] — o, 
[d'd']. 


Let w and x be eliminated in the usual way, giving : 


[bb : i]y -t- [be . I ]z+ [bd . i] =o, 
[go . i]z+ [cd . i] =o, 
[dd . i] 


[b'b f . i ]y+[b'c' . i ]z+ [. b'd ' . i] =o, 
[da' . i ]z+ [c'd' . i] =o, 
[d'd'. i]. 


Now let these equations be added, term by term, giving: 

{[bb .,i J+[W . i])y + ([bc . i ] + [6V . i ])z + {[bd. i] + | j/d' . i]) = o, 
([cc . r] + [c'd . i])z + {[cd . i] + [c'd' . i]) = o, 
{[dd . I] + [<«. I]); 
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